Verbal confabulation (VC) has been described in several pathological conditions characterized by amnesia and has been defined as 'statements that involve distortion of memories'. Here we describe another kind of confabulation (graphic confabulation, GC), evident at the recall of the Rey-Osterrieth complex figure (ROCF). In a retrospective study of 267 patients with mild-tomoderate dementia, 14 patients (4.9 %) recalled the abstract ROCF as drawings with recognizable semantic meaning. VC was evident at the story recall test in 19.8% of the study participants. VC and GC were homogeneously distributed among the different types of dementia. VC has been proposed to originate from complex interactions of amnesia, motivational deficit and dysfunction of monitoring systems. On the contrary, GC seems to be the result of a deficit in visual memory replaced by the semantic translation of isolated parts of the ROCF along with a source monitoring deficit.
model adequately, but are only able to reproduce few or no element at recall. The trend of patients with frontal lobe dysfunction to perseverate or randomly distort the design is already evident in the copy and even more so in the recall stage [2] .
Unlike these common errors, meaningful drawings (i.e. objects, animals or human figures) are rarely produced by patients at delayed recall of ROCF. Nevertheless, they are particularly intriguing if one considers that the original stimulus is a geometric and abstract figure intentionally not implying a semantic coding. The semantic content of these false memories, as well as the fact that patients are unaware that they are false, confers to them the features of 'graphic' confabulation (GC) [3] .
Confabulation is a phenomenon occurring in amnesic patients due to a variety of brain disorders and has been puzzling clinicians since early '900 [4] . So far, there is no universally accepted definition for confabulations, but recently Metcalf et al. [3] defined them as 'statements or actions that involve distortions of memories' and explained them as a consequence of deficits of memory and executive control of retrieval. A traditional distinction is made between 'spontaneous' confabulations, when subjects produce untrue stories without apparent prompting, and 'provoked' confabulations, when subjects try to respond to direct questions probing faulty or imprecise memories [5] . According to this definition, confabulations at neuropsychological tests are to be considered as provoked confabulations. Rarely, spontaneous confabulations are reported and usually they are observed in verbal memory tasks such as story and word list recall (verbal confabulations, VC).
VC is considered as a typical sign of the Korsakoff's syndrome [6, 7] , but it can also be observed in several other pathological conditions, such as aneurysm rupture in the Willis circle [8] , brain injuries [9] , dementia [10, 11] and schizophrenia [12] .
To the best of our knowledge, a formal report of such a kind of graphic production at visual memory tests or of any other GC or constructional confabulating behavior has not been published to date. The aim of this retrospective study was to explore the prevalence of VC at recall of a short story and of GC at the recall of ROCF in a large population of patients with cognitive deterioration, and to clarify their cognitive underpinnings through correlations with performance at usual neuropsychological tests.
Patients and Methods

Patients
We retrospectively considered clinical and neuropsychological data of all patients consecutively evaluated for suspect dementia at the Neurology Unit of the Multimedica Hospital, Castellanza, in 2005 and 2006. The diagnosis of dementia syndromes was based on clinical, neuropsychological, laboratory and neuroimaging data according to current research criteria for Alzheimer's disease (AD) [13] , frontotemporal dementia (FTD) [14] , vascular dementia (VaD) [15] and mild cognitive impairment (MCI) [16] .
Neuropsychological Assessment
All patients examined for story recall [17] and ROCF underwent a neuropsychological test battery examining the following cognitive domains: long-term verbal memory (Rey's 15-word list) [18] , verbal and spatial short-term memory (digit span and Corsi span) [19] , concentration skills (digit cancellation) [17] , executive functions (Raven's colored progressive matrices) [20] , language abilities (semantic verbal fluency [17] , phonological verbal fluency [21] and token test [17] ), visuospatial abilities (constructional apraxia [17] ) and perceptual abilities (scrawl discrimination test [17] ). The Mini-Mental State Examination (MMSE) [22] was used as a global measure of dementia severity.
Verbal Confabulation
For the evaluation of VC there is no specific neuropsychological test though several questionnaires have been used [23] . We scored VC by applying to story recall the classification of errors described by Barigazzi et al. [24] , which differentiates confabulations (elements unrelated to the original story or its main topic) from rationalizations (elements not present in the original story but coherent with its content) and logical-chronological errors (errors in the sequence or actors of events from the original story). VC was diagnosed when at least one confabulation was found in the story recall independently by the two expert neuropsychologists (O.P. and S.C.), as requested by Barigazzi et al. [24] criteria.
Graphic Confabulations
The patient is asked to copy the depicted ROCF ( fig. 1 a) as accurately as possible on the same sheet of paper, which cannot be rotated. After a 20-min interval filled with verbal tasks, patients are asked to recall and draw the figure at their best. Patients are not previously informed that they will be asked to recall the figure, and are allowed as much time as they need for both copy and recall. For this study, we used the scoring method and normative data described by Carlesimo et al. [25] .
We defined GC at recall as drawings unrelated to the target figure and with a recognizable semantic meaning. Two expert neuropsychologists (O.P. and S.C.), blinded to the diagnosis, reviewed ROCF of delayed reproductions; only when a consensus was reached, the drawing was classified as GC. Ambiguous drawings, i.e. drawings unrelated to the original stimulus but lacking a clear semantic meaning, or unrelated and meaningful elements incorporated in a complete or partial reproduction of the original stimulus, were excluded. Cases in which patients were aware of their failure in the recall were also not regarded as GC.
Data Analysis
Statistical analysis was performed with PASW Statistics 18.0 (SPSS, Chicago, Ill., USA). ANOVA or 2 analysis was employed for group comparisons of sociodemographic and neuropsychological features of patients with different forms of dementia, as appropriate. Binary logistic regression was performed to predict confabulating behavior at story recall (confabulation: no/yes) or ROCF (confabulation: no/yes). Predictor variables included in the models were the interaction of diagnosis by MMSE score and neuropsychological measures tapping the main cognitive domains: word list delayed recall, digit span, attentional matrices, semantic and phonological fluency, token test, Raven's matrices and copy of ROCF. Scores at recall of the short story and of ROCF were excluded to avoid circularity.
Results
Of the 943 patients examined from 2005 to 2006, 471 met current diagnostic research criteria for either AD, FTD, VaD or MCI. The remaining 472 patients were not demented or affected by uncommon types of dementia, and therefore not considered for study entry. Two hundred and four patients were not administered the ROCF due to severity of dementia, sensory deficits or lack of cooperation. Of the 267 patients who performed the test, 113 (42.3%) had AD, 76 (28.5%) FTD, 36 (13.5%) VaD and 42 (15.7%) MCI. Table 1 shows the main sociodemographic features and MMSE scores of the four groups: 67 patients (25.1%) presented either or both types of confabulations -VC in 53 (19.8%) and GC in 14 (5.2%); 6 patients (3 AD and 3 FTD) presented with both VC and GC. Of the 53 patients with VC, 23 had AD (20.3%), 19 FTD (25.0%), 5 VaD (13.9%) and 6 MCI (14.3%), with no intergroup statistically significant difference in prevalence. Of the 14 patients with GC, 7 had AD (6.2%), 4 FTD (5.3%) and 3 VaD (8.3%), while GC were absent in MCI patients. Again, there was no between-and within-group statistical significance. Figure 2 displays GC productions. In the AD group, 5 patients recalled the ROCF as a church or a house, 1 patient drew a face and another patient a whole human silhouette. In the FTD group, 2 patients drew a house, 1 patient a house surrounded by a garden with a woman inside (verbally accounted as herself) and 1 patient drew a fish. Among VaD patients, 2 patients drew a house and 1 a flower pot. The model derived from logistic regression conducted to predict confabulating behavior at story recall showed only a trend towards significance ( 2 = 3.309, p = 0.069, d.f. = 1). Nagelkerke's R 2 indicated that the model explained 2.3% of the variance. The percentage of subjects correctly classified was 81.1%. The only variable that approached significance as a predictor of VC was word list delayed recall [B = -0.174, SE B = 0.104, Wald = 2.799, d.f. = 1, p = 0.094, Exp(B) = 0.840, 95% confidence interval 0.685-1.030).
Logistic regression analysis conducted to predict GC yielded a statistically significant model ( 2 = 9.921, p ! 0.05, d.f. = 4). Nagelkerke's R 2 indicated that the model explained 11.5% of the variance. The percentage of subjects correctly classified was 93.9%. The only variable that made a significant contribution to prediction was the semantic fluency score [B = -0.179, SE B = 0.085, Wald = 4.388, d.f. = 1, p = 0.036, Exp(B) = 0.836, 95% confidence interval 0.708-0.989]: the odds of a patient to produce GC are increased by a factor of 0.8 for a unit decrease in the semantic fluency score. 
Discussion
In a retrospective evaluation of a large population of demented patients, we identified a form of confabulation, i.e. 'actions that involve distortions of memories', evident at the recall of the ROCF and never described before. This form of GC passed unobserved up to now due to its limited ecological impact, but it could be interesting for the interpretation of the more studied and known VC.
In a large population of patients with dementia or MCI, total prevalence of GC was approximately 5% and uniformly distributed in the three main types of dementia (AD, FTD and VaD).
To the best of our knowledge, data on the prevalence of VC in dementia are lacking. In our population, VC was relatively frequent (19.8%), and less common in VaD and MCI, but without any clear correlation with age, gender, severity of dementia or specific cognitive deficits. VC was uniformly present in men and women, while 13 of 14 patients with GC were women.
The cognitive profiles of confabulating and non-confabulating patients were similar, and only GC could be predicted by poor performance on semantic fluency.
One previous study [11] directly compared a selected sample of AD and FTD patients and found a higher incidence of VC in FTD patients. In our sample, we did not replicate this finding, neither for VC nor for GC, which were equally frequent among the two diseases. In contrast to the study by Nedjam et al. [11] , our patients were not matched for sociodemographic variables and disease severity, and this might account for the discrepancy. Moreover, they used a VC-specific questionnaire while in our retrospective study we investigated VC using the story recall test.
Finally, the size of the two samples were significantly different: 22/10 AD/FTD in the series of Nedjam et al. [11] compared to 117/77 AD/FTD in our series.
The main theories of confabulation generally highlight the importance of deficits in frontal-executive functions and in the memory domain for the development of confabulations. Metcalf et al. [3] have recently proposed a new model of spontaneous confabulations based on Langdon and Coltheart's [26] cognitive model of delusional belief information. According to this theory, failures in the executive control of retrieval and plausibility judgment, along with disorganization of autobiographical memory, and individual emotional and motivational biases, all contribute to generate a spontaneous confabulation. While some degree of memory impairment seems to be essential [5, 27] , frontal dysfunction appears to be frequent [4, 28] but perhaps not necessary and certainly not sufficient [5, 11] , at least as far as a general deficit in executive control on retrieval or response monitoring are concerned. Recently, a more specific frontal deficit causing confabulating retrieval has been proposed, operating in conjunction with memory impairment [29] . Paralleling behavioral observations, neuroimaging of lesions in confabulating patients also suggests the involvement of multiple systems, the ventromedial prefrontal cortex [28] [29] [30] as well as more posterior cortical areas, in memory processes [31] . Our findings on GC are generally in agreement with those reported in the literature on VC, pointing to a dysexecutive-amnesic involvement. However, the relative weight of the frontal and memory deficits in determining GC seems to be variable in different cognitive syndromes. Previous evidence on VC in AD [11, 32] indicates that they are related to memory impairment rather than to frontal dysfunction, while a recent paper [31] reported that episodic confabulation is affected by delusion related to frontal dysfunction, and semantic confabulation is more closely associated with memory disorder. In our sample, GC is limited to demented patients, while VC also presented in MCI patients, suggesting that in this form of confabulation memory deficits are critical, with the dysexecutive component being less important.
Most of the GC we observed (10 of 14) were drawings of buildings (a house or a church). By comparing them with the original ROCF, we hypothesize that they may derive from a semantic reprocessing of details referred to as Nos. 2 and 13 in the classification of ROCF elements of Carlesimo et al. [25] ( fig. 1 b) . The drawings of the fish and the flower pot likely relate to these same details, though more loosely. The face and the human figure might instead have been inspired by detail No. 11 ( fig. 1 c) . These observations imply that GC might primarily be prompted by automatic semantic processing of ROCF during copying. Guerin et al. [33] reported that visuoperceptive analysis of the stimulus cooperates with some semantic activation provided by visual imagery in patients copying meaningless drawings. Accordingly, we may hypothesize that two different processes are ongoing during the copy of Rey's figure: analysis and incidental learning of perceptive schemata and automatic retrieval of semantic representations. Attali et al. [32] recently demonstrated that overlearned information of a semantic nature is involved in confabulations. In our study, we confirmed that activated semantic memories may replace memory for meaningless graphic elements in amnesic patients, or in patients with a dysfunction of the retrieval monitoring system.
Our study certainly has limitations, mainly due to its retrospective design. However, we feel to have raised some interesting issues about a new kind of confabulation, we are planning to address in a future prospective study. In the future, it will be necessary to prospectively evaluate VC by one of the several questionnaires available. Moreover, it will be useful to administer patients with GC at ROCF a different graphic source (the Taylor design, for example) to test whether or not GC is specifically related to the target. GC in dementia represents a phenomenon so far neglected, but potentially useful to explain cognitive mechanisms of confabulation in general, and the intimate relationships between memory mechanisms and their executive control.
